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We, SoNoc» Products Company, a com- 
pany organized and existing under the laws 
of the State of South Carolina^ United States 
of America, of HartsviUe, South Carolina. 
United States of America, do hereby declare 
the . invention, for which we pray that a 

Eatent may be granted to us. and the method 
y which it is to be performed, to be par- 
ticularly described in and by the following 
statement: — 

This invention relates to glass fiber manu- 
facturing and more particularly to a carrier 
or "forming tube'* for use in the winding of 
freshly spun, glass filaments or fibers. 

In the spinning of glass fibers to be pro- 
cessed into textile material such as yam and 
the like, glass in a molten condition is drawn 
through small openings or orifices in a plate 
commonly referred to as a sphineret into the 
the form of continuous filaments which 
solidify upon contact with the air. These 
contuiuously drawn filaments are wound onto 
a tubular carrier in the form of a flexible 
cylindrical sleeve which is generally referred 
to as a **forming tube'*. In a glass fiber 
spiiming operation, this forming tube is 
slipped onto a spindle or the like which is 
rotated at very high speeds, frequently 
around 8,000 to 10,000 rpm and up, and 
the glass fiilaments are drawn from the spin- 
neret and wound on the tube at a rdatively 
high linear speed generally 3000 to 3600 m 
per minute and more. These forming tubes 
are used not only for such a winding opera- 
tion but for subsequnt winding and un- 
winding operations as well. 

Due to the high speed at which the form- 
ing tube is rotated and the ru^ed condi- 
tions of use to which it is subjected, these 
tubes must meet rigid standards and prefer- 
ably should be of a suitable design and 
material so as not only to be inexpensive in 
[Price 4s, 6d.] 



initial cost but to be Capable of repeated 
use. Furthermore, these forming tubes must 
be provided with external surface charac- 
teristics specifically suitable for the glass 
fiber winding and unwinding operations for 
which they are used. lii g^^i^tal. it can be 
said that such tubes are required to have a 
rdatively smooth peripherrf surface to per- 
mit the glass fib^ to be readily unwound 
from the tube and at the same time this peri- 
ph^:al surface should be sufiiciently rough 
so -fliat satisfoctory winding of the fibers on 
the tube may be accompUshfid, In additicwa. 
these tubes should also be of light weight to 
avoid deformation by centrifugal force 
which at the speeds referred to above is of a 
suhsbmtial ma g nitude. Furthermore, these 
forming tubes should be highly resistant to 
compression by the fibers wound tightly on 
the tube so that the tube maintains its shape 
after removal from the spindle and the 
tubes should have suffident flexibility and 
elasticity to permit their ready remove from 
the wound package of glass fibers when the 
tube is to be re-used. 

Two commonly employed materials in use 
today for making such forming tubes are 
plain paper or paperboard and plastics 
material such as polyethylene both of which 
have objectionable features. Although a 
forming tube composed solely of oidmary 
paperboard generally performs satisfactorily 
the first time it is used, its inherent lack of 
str^gth and lack of flexibility causes it to 
deteriorate rapidly when re-used. It is 
thought that the rapid deterioration of such 
paper forming tubes occurs primarily as a 
result of the breaking of the cellulosic fibers 
in the tube resulting from the bending and 
folding to which such paper tubes are sub- 
jected. Therefore, formiiig tubes of fibrous 
material such as paper or paperboard are 
gmerally discarded after a few uses or even 
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after a singje use adding considerably to the 
manufacturing costs of such glass fibers 
even though the initial cost of such paper 
tubes is low. Forming tubes of plastics 
5 material liave also been used with some 
success but the severe stresses to which plas- 
tics material forming tubes are subjected fre- 
quently causes tubes of plastics material to 
disint^ate or "explode*^ during use prim- 

10 arily as a result of centrifugal force not only 
creating a hazard but, as a result of the 
high initial cost of such plastic tubes, adding 
considerably to manufacturing costs. 
Accordmg to one aspect of the invention 

15 there is provided a non-rigid forming tube 
for glass fibers comprising at least one 
spirally wound inner ply of paper and a 
spirally wound outer ply of resm impreg- 
nated paper having a hard, uniformly 

20 smooth, suck outer surface for the winding 
of glass fibers, characterized in that the inner 
and outer paper plies have fiber lying gener- 
ally in the direction of the longitudinal axis 
of the plies and are spirally wound at a wind- 

25 ing angle within the range of 17 to 35 de- 
grees, the forming tube being flexible so that 
it can be collapsed longitudinally and re- 
moved from a package of glass fibers wound 
on the forming tube. 

30 According to another aspect of the in- 
vention ibero is provided a method of wind- 
ing a non-rigid forming tube for glass fibers 
according to the previous paragraph, charac- 
terized by spirally winding at least one stnp 

35 of paper at a windmg angle within the range 
of 17 to 35 degrees to form a tubular mner 
ply, impregnatmg another strip of paper hav- 
ing a flexibility, porosity and strength 
greater than the one strip of paper with a 

40 resni, spirally winding the resm impr^- 
nated strip of paper in overlying relationship 
wifli the spirally wound inner ply to form 
an outer ply, spu^y winding a strip of re- 
lease material on the resin impregnated outer 

45 ply, and permitting the resin in the outer 
ply to cure to provide a forming tube hav- 
ing a hard, uniformly smooth, slick outer sur- 
face and removing the release material 
An example of the invention will now be 

50 described vmh reference to the accompany- 
ing drawing in which : . 

Figure 1 is a diagrammatic illustration of 
tube winding apparatus for winding the 
forming tube of the invention; 

55 Figure 2 is a sectional view taken sub- 
stantially along line 2—2 of Figure 1 ux the 
direction of the arrows; ^ 

Figure 3 is an enlarged isometnc view or 
the tube of the invention as wound on the 

60 apparatus of Figure 1; , . 

Figure 4 is an enlarged sectional view 
taken substantially along line 4 — 4 of Figure 
3 in the direction of the arrows; and 
Figure 5 is a view similar to Rgure 4 



showing the forming tube of inventioA 65 
in a collapsed condition. 

Referring now to the drawing and to 
Figure 1 in particular, there is shown dia- 
granunatically a typioil spiral tube wind- 
Sag apparatus by means of which the wind- 70 
ing of llie forming tube of the invention is 
carried out. As previously stated, the form- 
ing tube of the invration. which is shown 
in section and designated Mnerally by the 
numeral 11 in Figures 4, 5. is of the typ 75 
which is particularly suitable for use in the 
winding of freshly spun glass filaments or 
fibers drawn from a spnneret of a glass 
furnace. However, the tube 11 of the inven- 
tion may also be employed in oth» pass 80 
fiber manufacturing operations involving 
^ass fiber winding and toke-off procedures. 

As generally illustrative of the niethod 
of winding the forming tube 11 of -flie inven- 
tion, the conventional spiral tube winding 85 
apparatus of Rgure 1 is designated gener- 
3ly by the numeral 12* This spiral tube 
winding apparatus 12 is shown carrying out 
a winding operation by means of vfbxcn a 
contmuous tube T advanced in the direc- 90 
tion of the arrow I is produced. The tube T 
is cut into suitable lengths to form tbe form- 
ing tube 11 of the invCTtion as will be ex- 
plained hereinafter. , 

As is wdl known, the spiral tube wmding 95 
apparatus 12 comprises a frame 13, a 
stationary mandrel 14 supported on the 
frame, a flexible radless belt 16 wrtending 
aroimd a pair of pulleys 17 at least one of 
which is driven for rotatmg and advandng 100 
the tube T as it is formed and a cutoflE de- 
vice 18 for cutting die continuously wound 
tube T into uniform sections of a selected 
length. 

In the winding of the continuous tube T. 105 
at least one strip 21 of paper unwound from 
a supply roll 22 is first wound on the tube 
makmg mandrel 14. Preferably, two such 
paper strips arc employed and accordingly a 
second paper strip 23 unwound from a sup- 110 
ply roll 24 is wound in overlying staggered 
relationship with and at the same angle as 
the strip 21 from the opposite side of the 
mandrd 12. The paper strips 21, 23 which 
contain cellulosic fibers common to paper 115 
have the fibers extending lengthwise in the 
direction of tiie longitukUnal axis of the 
paper strips or what is generally rrftoed to 
as the *'paper machine direction**. 

As shown in F%ure 1. the angle at which 120 
the paper strips 21, 23 are wound onto the 
mandrel 14 is preferably within the range of 
17 to 35 degrees relative to the londtudinal 
axis of the mandrel 14 and, in the illustrated 
embodiment, the strips 21. 23 are wound at 125 
a winding angle of approximately 29 degrees. 
Thus, at the relatively low windiiig angle of 
29 degrees, the fibers in the strips 21, 23 
approach a parallel relationship wiui the axis 
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of the tube T for a purpose to be explained 
hereinafter. 

In Older to adhere the paper strips 21, 23 
together in the spirally wound relationship* 
5 the paper fitrip 23 is advanced In contact 
wifh an applicator roll 26 suitably supported 
for rotation in a receptacle 27 containing a 
suitable adhesive in the well known manner. 
Thus, the applicator roll 26. as it rotates, ap- 
10 plies adhesive to the underside of strip 23. 
Contact betweai the strip 23 and the ap- 
plicator roll 26 is maintamed by advancing 
the strip 23 under guide rollers 28. 29 also 
suitably supported for rotation on the re- 
15 ceptacle 27. 

In this maimer, the two paper strips 21, 
23, spiraBy wound with adhesive therebe- 
tween, form a two ply tube 31 which is ad- 
vanced under the belt 16 in the direction of 
20 the arrow 1. The paper strips 21, 23 are 
preferably each wound with the edges of 
adjacent convolutions in an abutting relation- 
ship. As shown in Figure 3. paper tube 31 
is therefore provided with a spural butt seam 
25 23a and paper ply 21 is provided with a 
butt seam 21a. 

As the paper tube 31 advances along the 
mandrel 14 down from the belt 16, a strip 
32 of paper impregnated with a suitable resin 
30 is spirally wound in overlying relationship 
with the wound paper ply 23 of the wound 
paper mbe 31 to form a spirally wound outer 
ply. Strip 32 is also of paper but is- of the 
type of paper which is of greater porosity 
35 and flexmuity as well as greater strengdi 
than the pap^ plies 21, 23. For instance, 
a type of paper commonly referred to as 
'"Kraft" paper is preferably used for the 
outer ply 32. The winding angle of the 
40 Kraft paper strip 32 is also within the range 
of 17—23 degrees and, as shown, is pre- 
ferably wound at an angle of 29 degrees. 

The strip 32 is tmwound from a supply 
roll 33 and is impregnated with a suitably 
45 resinous materitd by advancing the st>rip 32 
through a receptacle 34 containing an im- 
pregnating resinous material 36 as shown in 
Figure 2. Preferably, the resinous materia] 
36 is an acrylic resin which is provided in the 
50 form of an aqueous emulsion. The curing 
of tills resinous material 36 may therefore be 
accomplished by the evaporation of the 
water vehide from the acrylic resin and 
water mixture. Guide rollers 37 — 40 are 
55 suitably positioned, as shown m Figure 2, 
adjacent the receptacle 34 so that the strip 32 
is itnmersed in the resinous material bath 
36 and subsequentfy removed for winding on 
the paper tube 31. Preferably, the impreg- 
60 nated strip 32 is wound with the edges of 
adjacent convolutions in overlapping rela- 
tionship as shown best in Figure 3 ^ch 
form an outer spiral seam 32a. 
In order to provide a hard, uniformly 
65 smooths slick surface on the impregnated 



paper ply 32 after the resin is cured, a wrap- 
ping ply 42 of smooth, slick, release material 
sada as polyethylrae; Mybr (Registered 
Trade Mark) or the like is imwouifi from 
a supply roll 43 and spirally wrapped as 70 
shown in Figures 1, 3 in overlying relation- 
ship with the impregnated outer paper ply 
32. The ply 42 is preferably wrapped widi the 
edges of adjacent convolutions in overlapping 
re&tionship as shown to form an out^ spiral 75 
seam 42a completely covering the under- 
lying resia impregnated ply 32. With the use 
of release material for the ply 42. it does not 
adhere to the resinous material with which 
the paper ply 32 is impregnated and ply 42 80 
is tigfauy wound in the spiral winding opera- 
tion of Figure 1 with the underlying ply 32 
to form the tube T. The tight engagement of 
wrapping ply 42 widi the impregnated paper 
ply 32 not only confines the resin withm ply 85 
32 but produces a substantially complete 
engagement between the surfaces oi the two 
pUes, 

As the continuously formed tube T moves 
in the direction of the arrow I. it enters the 90 
cut-ofE device 18 in which it is cut into uni- 
form sections which are removed for curing. 
Pref embly these tube section are formed ap- 
proximately 2.5 m in length. The curing of 
the sections sev^ed from the tube T is Sien 95 
earned out so that the water vehicle in the 
resin-water mixture in the tube outer ply 
32 wiU be evaporated and the resin with 
which the tube T is impregnated will set 
permanent^. Using an aqueous acrylic resin 100 
mixture for impregnation of the tube ply 32 
permits the curmg to be accomplished und^ 
normal room temperatures over a relatively 
short period of time. However, if it is de- 
sired to shorten tiie curing time by the ap- 105 
plication of hea^ means such as an oven 
can be utOized. 

After curing, the tube sections are then 
cut into a pluraliQ^ of short lengths. prdEer- 
aUy lengths of approximately 20 cm to pro- 110 
vide formmg tuh^ 11 of a length suitable 
for use in a g^s fiber winding and unwind- 
ing operation. 

As a result of the high degree of porosity 
of the pap^ ply 32. a substantial amount of 115 
resinous material 36 is absorbed into -the 
outer ply 32. In addition, the flexibili^ of 
-the paper strip 32 permits the ply to adhere 
in a continuous bond to the undedying paper 
ply 23 of the paper tube 31. When the 120 
resm in the Kraft paper outer ply 32 is 
cured, it forms a winding surface which is 
not only hard and durable but uniformly 
smooth and slick so as to be ideally suitable 
for the winding and unwinding of ^ass 125 
fibers in certain operations. 

The forming tube 11 of the invention is 
not only characterized by high strength and 
durability so as to be capable of repeated 
use with a minimum of deterioration but it 130 
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may be easUy removed from the package of 
glass fibers wound thereon by coflapsing the 
tube 11. As a result of the posiUomng ctf 
the libers in the paper strips 21. 23 aiui 32 

5 at OB angle approaching the angle of the 
axis of the tube T using a low strip winding 
angle of 17 to 35 degrees, the collapsing of 
the tube lU which is accomphshed byf old- 
ing the tube longitudmally as shown in Flgi^e 

10 5, does not produce a folding across the 
fibers but rather a folding in the general 
direction of the fibers so as to avoid fiber 
breakage thereby promoting long life for the 
tube 11. 

15 WHATWECX.AIMIS: — 

1. A non-rigid formmg tube for glass 
fibers comprising at least one spirally wound 
inner ply <rf paper and a spirally wound outer 
ply of resin impregnated paper havmg a ham. 

20 uniformly smooth. sUdc outer surface for the 
winding of glass fibers, characterized m 
that the mner and outer paper plies have 
fiber lymg generally m the direction of t^e 
longitudinal axis of the plies and are spu^y 

25 wound at a winding angle within the ran^ 
of 17 to 35 d^ees. the formmg tube being 
flexible so that it can be collapsed longitu- 
dinally and removed from a package of 
glass fibers wound on the forming tube. 



2. A method of windmg a non-rigid 
forming tube for gjass fibers according to 
claim 1, characterized by sphraUy winding 
at least one strip of paper at a winding angle 
withm the range of 17 to 35 degrees to form 
a tubular inner ply, impre^iating another 
strip of paper having a flexibility, porositv 
and strengm greater than the one stnp of 
paper wifli a resin, spirally windmg the resin 
impr^Bated strip of paper in overlyhig re- 
lationship with die spually wound inner ply 
to form an outer ply. spirally windmg a strip 
of release material on the resin impregnated 
outer ply and permitting the resin in the 
outer ply to cure to provide a forming tube 
having a hard, uniformly smooth, didc outer 
surface and removing flie release mateiiaL 

3. A non-rigid forming tube substantially 
as heroin described with rdierence to and 
as illustrated in the accompanying drawing, 

4. A method of winding a non-ri^ form* 
ing tube substantially as herein described 
with reference to and as illustrated in the 
accompanying drawing. 

For the Applicants : 
A. POOLE & (X)^ 
C3iartered Patent Agents. 
19 Devonshire Street, 
London, W.l. 
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1 SHECT drawing Is a reproducaon of 

^riKti Original on a reduced scale 
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